Abstract-During geothermal power production using a borehole doublet consisting of a production and injection well, the reservoir conditions such as permeability k, porosity u and Skempton coefficient B at the geothermal research site Gross Schoenebeck/Germany will change. Besides a temperature decrease at the injection well and a change of the chemical equilibrium, also the pore pressure p p will vary in a range of approximately 44 MPa ± 10 MPa in our reservoir at -3850 to -4258 m depth. This leads to a poroelastic response of the reservoir rocks depending on effective pressure p eff (difference between mean stress and pore pressure), resulting in a change in permeability k, porosity u and the poroelastic parameter Skempton coefficient B. Hence, we investigated the effective pressure dependency of Flechtinger sandstone, an outcropping equivalent of the reservoir rock via laboratory experiments. The permeability decreased by 21% at an effective pressure range from 3 to 30 MPa, the porosity decreased by 11% (p eff = 6 to 65 MPa) and the Skempton coefficient decreased by 24% (p eff = 4 to 25 MPa). We will show which mechanisms lead to the change of the mentioned hydraulic and poroelastic parameters and the influence of these changes on the productivity of the reservoir. The most significant changes occur at low effective pressures until 15 to 20 MPa. For our in situ reservoir conditions p eff = 43 MPa a change of 10 MPa effective pressure will result in a change in matrix permeability of less than 4% and in matrix porosity of less than 2%. Besides natural fracture systems, fault zones and induced hydraulic fractures, the rock matrix its only one part of geothermal systems. All components can be influenced by pressure, temperature and chemical reactions. Therefore, the determined small poroelastic response of rock matrix does not significantly influence the sustainability of the geothermal reservoir.
Introduction
The technical feasibility of geothermal power production will be demonstrated by means of the geothermal research wells Gross Schoenebeck (40 km north of Berlin/ Germany) using a borehole doublet. The reservoir is located in -3850 to -4258 m depth within the Lower Permian of the NE German Basin. The main targets are sandstones of the Upper Rotliegend (Dethlingen Formation/lower Elbe subgroup) as well as the volcanic rocks (andesites) of the Lower Rotliegend, where permeability is mainly due to connected fractures. The Dethlingen sandstones represent an effective reservoir horizon with a porosity of 8-10% and a permeability of 1 * 10 -14 to 1 * 10 -13 m 2 (TRAUTWEIN and HUENGES, 2005) . During geothermal power production using the doublet for production and injection simultaneously flow rates up to 100 m 3 /h will be applied (ZIMMERMANN et al., 2008) . According to the productivity index PI = 10 m 3 /(h * MPa) (ZIMMERMANN and REINICKE, 2009) , which is defined as the ratio between flow rate and pore pressure change in the reservoir during water production, a pore pressure change dp p of ± 10 MPa will be induced. The in situ formation pressure is p p = 43.8 MPa, determined by p,T-logs at stationary conditions of the geothermal target horizon at a depth of 4100 m (LEGARTH et al., 2005) . In addition to a fault pattern analysis, stress ratios were calculated for the -4035 m deep Rotliegend sediments based on frictional failure theory (MOECK et al., 2008) . By means of the stress ratios and the vertical stress S V = 105 MPa the maximum horizontal stress S H = 100 MPa and the minimum horizontal stress S h = 55 MPa were determined. By means of the mean stress "
MPa can be calculated (TERZAGHI, 1923) . For our particular case an effective stress range of 42.9 MPa ± 10 MPa is of interest.
In order to show the influence of this effective stress change on the geothermal power production, we investigated the effective pressure dependency of the hydraulic rock properties permeability k and porosity u as well as the hydro-mechanical property Skempton coefficient B (SKEMPTON, 1954) . The permeability is a measure of the ability of the reservoir rock to conduct water and therefore influences the potential production rate. The porosity indicates the potential volume of geothermal fluid in the reservoir rock and the Skempton coefficient indicates the mechanical reservoir behavior on pore pressure change. The investigation was done by means of laboratory experiments with Flechtinger sandstone (Sventesius quarry, Germany), an outcropping equivalent of the reservoir rock.
Various previous studies still investigated the effective pressure dependency of these rock properties. CARROLL and KATSUBE (1983) developed a theory of hydrostatic poroelasticity in terms of porosity and bulk volume. By means of this theory changes in effective pressure can be related to changes in porosity (ZIMMERMANN, 1991) . The effective stress dependency of the porosity also controls changes of elastic modules and the seismic velocity (SHAPIRO, 2003) . The permeability can always be expressed as a function of confining p c and pore pressure p p (AL-WARDY and ZIMMERMAN, 2003) . If the permeability follows the effective pressure law p eff = p c -vp p , where v denotes the effective pressure coefficient, then it can be expressed as a function of this effective pressure, k = f (p c -vp p ). Several experiments determined the effective pressure coefficient v; MORROW et al. (1986) and BERNABE (1987) found that a value of 1 was the limiting value for crystalline rocks, ZOBACK and BYERLEE (1975) and AL-WARDY and ZIMMERMAN (2003) found that the effective stress coefficient depends on the clay content. Often v is taken to be constant, yielding a linear expression for effective pressure, but KWON et al. (2001, and references therein) mentioned that v may itself be a function of pressures p c or p p , or microstructural changes in pore structure.
The dependency of permeability on pore structure was also investigated by various studies: A general overview can be found in BEAR (1972); using hydraulic radius models
